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EVALUATI ON

The algorithm investigated in this volume will be of immediate use in

¶ memory testing, particularly as a preliminary test to verify the existence of

each bit in a memory prior to testing for pattern sensitivities. It should

be pointed out that the assumption of noncreative decoders may not be reason-

able without an additional set of output test points, since while inverted

inputs are not used, the example given immediately provides all inverted out-

puts, and if one of the inverters fails, the decoder will become creative.

ANTHONY COPPOLA
Project Engineer
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I. INTRODUCTION

This paper is a continuation of the analysis of an optimal test

sequence for detecting stuck—at (s—a) faults in a Random Access Memory

(RAN) . The past two papers (1), (2) on the Algorithm Test Sequence

(ATS) have investigated the ability of the ATS to detect s—a faults.

The f i rs t  paper (1) deals with any single s—a—O or s—a—i fault while the

second paper (2) shove the ability of the ATS to detect any combination

of multiple s—a—O and s—a—i faults in a RAN . In this paper we will

analyze the capability of the ATS to diagnose (locate) any single s—a

fault.

Each subsystem of a RAM will be analyzed and to provide insight

a computer program to simulate a 32 x 1 bit RAN with induced errors

will be tested by another computer program.

For cospietness we will again present the ATS.

— 
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II. ~~~ 
- An Optima l RAM Test Algorithm

In order to obtain greater diagnostic capability from the ATS the

sequence of operations in the last steps have been permutated. The

new sequence is given below and then summarized in Figure 1.

Before stating the algorithm let us introduce some notations.

Let A be the memory address p,

O~~~p < 2 n.

Let :

ii — (A I p O (modulo 3)]
0 P

— [A 
~ 

p . l(modulo 3)]
1 P

2 
[A p 2 (aodulo 3) 1

Algorithm:

Step 1 Writs the all—O word, W0, at all locations

A c v  a n d & c wJ 1 K 2

Step 2 Write the all—i word , W1, at all locations

A c vi 0

Step 3 Read all locations A~ £ ii

f— W~; no fault indicated
If output

~~ 
W0; RAM fault indicated

Step 4 Writ, the all—i word, U1, at all locations

A c v
1

2

- . I
-

. 
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Step 5 Read all locations Ak 
E 

2

~~
— W

0
; no fault indicated

If output ~

~# W0; RAN fault indicated

Step 6 Read all locations Ai c

— W
1
; no fault indicated

If output 
~j,~i’ W1; RAM fault indicated

Step 7 Write the all 0 word, U0, at all locations

A c v
i 0

Step 8 Write the all 1 word, W1, at all locations

A, c v
K 2

Step 9 Read the all 0 word , W0, at all locations

A c v± 0

1— W0; no fault indicatedIf output ~ # W~; RAM fault indicated

Step 10 Read the all 1 word , U1, at all locations

A. cii
~ 2

f — U1; no fault indicatedIf output J
,4 U1; RAM fault indicated

Step 11 Read the all 1 word , U1 at all locations

A c v
i 1

— W
1; no fault indicated

If output (
# W1; RAM fault indicated

E$ID.

Ths abov, sequence requires a total of 4 x memory accesses.

- -
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VI. Decoder Single Stuck—At Faults

Again we will use an APL program to simulate the behavior of

single stuck—at faults in the Decoder. The test results for faults on

the Decoder inputs are not shown here since they are indistinguishable

from the faults in the MAR as given in Table 1. The faults within the decoder

are simulated by the APL program AUTODEC and the results are tabulated

in Tables 2, 3 and 4. The results for a s—a—i output on any single AND

gate in a non—creative Decoci~.r (1) were the same. That is, if the

output of an AND gate is s—a—i then the ATS will give the same results

no matter what AND gate is stuck. The results of this type of

s—a— i fault is shown in Table 2.

_____________ 

ATS 
_____________Fault

_______________________ 
Step 3 Step 5 Step 9

Any Decoder

‘2 iT
o

AND Gate Output
s—a— i

Table 2: ATS Output b r  Decoder Faults

5
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I I I .  MDR Single Stuck—At Fault

If the MDR contains any stuck—at bit then this bit position will

remain stuck f or all memory locations accessed by the ATS. This would

signify that the MDR is at fault and the stuck—at bit is readily found .

Note that the stuck—at bit in the MDR is found after the second wrong

reading from the RAM due to our single fault assumption.

IV. Memory Array Single Stuck-At Fault

For a single stuck—at bit in a memory array word whose size is

greater than one bit, diagnosis by the ATS is obtained when the erroneous

word is read after or before a correct reading is obtained from the RAM .

For memory arrays with only one bit words the diagnosis for a

single stuck—at fault in a word is not separated from a Memory Address

Register (MAR) or a Decoder fault until the first five steps of the ATS

are finished.

If any one memory array word reads wrong withIn the first five

steps or at any point af ter the f irst f ive steps of the ATS , the memory

array word is at feult. Otherwise the fault is in the MAR or the

Decoder.

6
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V. MAR Single Stuck—At Faults

In order to show the effects of single faults within the MAR

• (and Decoder) a 32 x 1 bit RAN was simulated with an APL program.

Another APL program was used to simulate all single s—a MAR faults.

These programs may be found in the Appendix of this report. The output

of the ATS program for the simulated faults has been reduced to the

tables that will be found in what follows.

Table 1 shows the results of the computer output for single s—a

faults in a five bit MAR.$
As seen from Table 1 the output of the ATS is capable of locating

which bit is stuck but unable to determine if the bit is s—a—O or s—a-i.

The only problem which exists is the inability of the ATS to

distinguish between a MAR fault and a fault on the input lines of the

Decoder (1), (2).
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Therefo re we canno t locate a s—a— i fault on the output of an AND

gate within the Decoder.

Table 3 presents the r esults for a s—a— i fault on a single input

to an AND gate. Choosing a s—a—O on any inpu t or outp ut of an AND

gate yields Table 4. Here we have assumed that U0 is read by the MDR

when no line is accessed .

I
9

_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  
I

_ _ _ _ _



____- 5-— —-- - .- -
-5

N in
N N -

0’. itt
‘.4 -4 (.4
-4

‘C ‘C-4 ‘.4
N- (‘5 .-4 itt in in

0. ‘.4 (‘5 N N
a)
IJ -* ..* 0’. (‘4 (‘4 ‘.0in ,-4 ‘.4 ‘.4 ‘.4

‘.4 ‘.4 N- . 4  ‘.4 -1

0 -4 0 ~~ N.4 (‘5 N (‘5 N N

0’. N- in ‘.4 ‘.4 ‘.4N .-4 N N N
.~ ‘C itt N itt N- N- -~~ -~Si N p-I ‘.4 .-4 N N N N

1. 0.
5 Si .-4 ~“I N 0% 0’. it’S .-4 in N ‘.4 ‘.4 .4 N
‘.4 Ia N .-4 .-I N .-4 -4 N N N -4
‘~ 4 U)
S in 0 ‘C 0 (‘5 (‘4 0’ (‘5 0 0’ 0’. 0’ 0

‘-4

‘04)
Ia
U ‘C 0’. ‘C ‘C 0’ 0% 0% ‘.04) N N N N N N N N
Ia itt
51 (“5 (‘5 (‘4 0 0 (‘4 0 0

N N N N N N N N

N- -~ ‘ N. N- N. -~0. ‘.4 ,-4 ‘.4 ‘.4 .4 ‘.4 .-4 ‘.4
51
Ia ‘.4 ‘.4 ‘.4 in in ‘.4 in in

E-4 U) ‘.4 ‘.4 4 i-I

N 115 N N itt itt ItS N Ia

(‘5 N (‘5 N (‘S U

in 0’ in itt itt
N .4 N N N 5

Ia
(‘5 ifS ‘C (.4 ‘C 0’.

N .-4 N -l ‘.4 5
N N- (‘S (‘5 “5 i-I Itt ‘-4 in itt itS itt in
N ‘.4 s-I ‘.4 (‘S N (‘5 N N N N N

& ii 0. 14
51 0’. -‘ii N- ‘4 N. 0% (‘S 0’ ‘C (‘4 (‘5 (‘4 ‘C SI
1) ‘.4 ‘.4 ‘.4 .-I ‘.4 ‘.4 ‘.4 ‘.4 .-I ‘0in 0

‘0 —4 -* ‘.4 ‘.4 N- .-4 N- -~ ‘.4 .-4 .-4 -~ U
p.4 5)——— — — -—

‘.4

1-4 5

I-s
Ia I 0
S S -* (‘5 N .- C 0 ‘. 0 ‘ 0 ‘.4 C r ’  44.4
0. 4 1 4  1 1 4  1 1 4  1) 4  1 1 4  14 14 1)4 14 14 114 1 1 4  4) 4
C 51

4-4 C S
.p4 5
‘.4 U

_ _ _ _  — —
In

I

— - I.. ‘4 (‘5 N , C 0 0 0 C m
SI 1)4 1 1 4  I N  1 ) 4  1 ) 4  IS I N  IC I X
‘0 5)
o Ia ‘.4 p.4 ..4

3 _ _ _ _ 1 1_1_1_
10

— ~~~ 
- -

~~~~~ -. _-~
__ ___ii-



—5. -5__,._ __-a_ - -— ~~~~~~~- - 
_— - - —-5-

‘.4
‘-4

0.
5)
Ia ‘.4 in
In m N

N- (‘4 (‘4 ‘4N ‘.4

N.
N

— 
0 ‘4(‘4 N

0’.
— s-I in

N s-I

itt 0’.
5) 0. ‘-4
I. 51
5 Ia N (‘4 0

,-4 In s-I
“4
51 ‘.0 0 ill ‘C ,-4 N itt

s-I N s-4 ‘-4

‘0Si
Ia 0% ‘C -
U N N
4) -

• Ia Itt (“S N-
4) Ni s-I
0 

0 ‘-4 ‘C 0%
N : u-I N N

‘4 in C’S ‘4 N- 0 (‘5
in Ia ‘.4 s-I ‘.4 .-4 N - ‘.4
E.4 in
.4 IfS N s-I N in in ,-4

s—I -I U 
- -— — —  C

u-I 0
(‘S U

5—.

in in
N N S

U
(‘S N 0% ‘—4

(‘4 5-4
S

(“S ‘C
f-I 1-4

0. Ii
51 N- 0 ..4 in ,.4 a’
Ia s-I (‘5 N C’S ‘0— in 0
‘4 ‘.4 N- N (“5 ‘4 N- U

N s-I 5)
0
-I

51
‘-4

1..
U I 0 0 0 0 0 0 C 0 0

5) 14 4 1 4  14 4 ) 4  P4 PC X I X  N N N N is.,

2 s-i ‘.~ s-i p.~ p..
~ p. ,-( U

~ 4 C 14 IC 4) 4  4 ) 4  IC 14 1 ) 4 1) 4
•54 0
s-I U

_ _ _ _ _ _  — — — — — — —  — — — — —  —
US
I-.

0 0 0 0 0 0 C 0 0 0 0 0 0
14 14 4 ) 4  P4 4 )4  14 4 ) 4  N 4 ) 4  IC 4 )4 14 I N  14
5 Si p.4 p4 s-4 ‘.4 p.4 p.4 ‘. (‘1 ‘.4 ‘.4 ‘.4 s--I s-Io Ia )4 IC 4 ) 4  114 P4 PC I N  I N  14 14 1) 4 4) 4  IC

- - 3 (‘.4 N CI (‘I CI N N s-I N (‘-1 NI N N
PS IC N 14 4 ) 4  41 4 114 4 ) 4  II 14 N IC 114

11

J1- - 
_ _ _ _ _ _ _ _ _  _______________________________________________

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
- - 5.— 

- 
-5



--- -- -- 5- - —— - -~~~~ — - --5
51

I
-4
-4

0.
St‘aIn

0
(“S

N- s-I
(‘4 N

0’. ‘4 in
N - - - - - - - s-I 

-

in - - - - - - - ‘C 
-

‘-4
• 0.
I~ • 0 N c’sS Ia (‘S s-I
‘.4 In

‘C s-I (‘4 0’. 0
51 (‘1 s-I 

• •51
St
Ia 0% (‘5
U N N
St
‘a in ‘.0 0

N N

‘.0 0’. ‘4 : N-
(‘4 (‘4 s-I s-I

N. 0 s-I in
In U s-I s-I N .4 ‘.4
I-s In
4 (‘1 in in in (‘4 U

C
N 0
N U

‘.4 0’.
(‘5 p-I S

U
(‘S CO ‘.0 s-I

(‘4 s-I 5
-
~~~~ 5144 in N-

N
0. 14
St CD (‘S ‘4 4)
U (‘4 s-I ‘0II) 0

CI (‘S ‘4 0 -4 U
CI ‘.4 .4 a’

_ _   0
5-4

- S
C 0 0 0 0 0 0 0 0 0 1..

41 51 N 144 N 114 P4 I N -  IC 114 IC I I I  0
444 4 )~‘.l (‘.4 

p. p.4 ‘.4 5.4 I_I p.4 ‘.4 ‘.4 ‘.4 ‘.4 
444

C N IC 114 I N  14 N I X  4 1 4  N PC U
5.4 * 5

C I’ N N (-4 NI (‘-4 N N (‘4 N
IC N IS IS I I C  I I C  114 I N  14 IC U

s-I

II)
‘C 0 0 0 0 0 0 0 0 0

14 I N  IC IN  14 I N  14 ( 14  N I I I
C 0 0 p s-I p4 s-I s-I s-I ~-4 s-I p4 p.4

14 4) 4 P4 I N  N N I N  114 IC 14 114 1)4 14 IC m
4l r s-I ‘.4 N N N N NI N N N N N

~~ Ia 14 4 ) 4  I X  IC N P4 IC I N  I N  I N  41 4 IC 44
3 N N N ~

s (‘5 (‘5 (‘S (‘5 (‘4 (‘S (‘S
114 I N  144 N 14 N N PC IC IC P4 114 I I I  I-s

12

T ’~~~ - 
—-- - 

-



- —

—.— —

-4
‘4

0.
SI
l.a
In

5-4rI
-I

‘C51
14 0.
S SI L~ s

s-I Ia
.4 In
51 0 ‘C s-I C’S in

N

I
‘a (“S
U N
St in
U 0

‘I

St N (‘I N N c’4 N U
C PC N 4 ) 4  lbS  I X  I N
v4 C
s-I U

— 0
US

0 0 0 0 0 C 0 0 0 0 0 0 0
IC (IC N I N N I IC ~ ~~~ N t IC  PC US IC

s-C s-I p4 ‘.4 s-I s- s-I ‘.4 ..4 s-I s-I ~-( ‘.4
1.4 414 I X  N IC ( I C  I I C  $ IC t I C  I N  IC IC ( I C  c’s

• (‘-I N (‘-1 (‘4 N N (‘4 (‘4 N (‘4 (‘4 (‘.4 (‘-4 45)
o 41 )4 N 4 )4 4 4 4  IN 44 4 IC IC N K lbS ( IC  ( I C  .3

3 (‘5 (‘5 (‘S (‘5 (‘S (‘S (‘S (‘S C’ (‘5 (‘S (‘S
0 lId I N  t I C  4 ) 4  I N  114 N IC 14 PC 14 IC IC— — 

t3

-
~~~~~

-5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— _ _ _ _ _



I

0.
SI
Ia
in

N. N ‘4 0’. .4 ‘CN s-I s-I

0
0’. (‘S

N-
N

0. =
SI SI N
I-s U
S In s-I

s—I N
.54
51 0 ‘C s-I (‘S in 0 CD— —— ~~~~ — —— -~~. -— —~~~~- - — — —
.51
SI
‘a 0’.
U N
SI in
41 ‘05) N
0

a 0. N

0’. - ‘.0 0
In in N N N

CD C’S ‘4 IfS 0 s-I N N- in N-
N s-I N .4 s-I .-4 ‘a

5-I
(‘S U

in
Ni S

(“S • ‘a
in ‘4
N : :
N

0. N

41 0% St
In s-I

‘C N- N ‘4 0% .4 ‘.0 ‘C U

s-I
0 0 C 0

IC I IC 44 I N 51

s--I s-I s-I p. p.4

I N IC I H I I4
51 4.4

U I (‘S (‘S (‘S (‘S (‘S (‘5 (‘S m N N C’ N 0
St IC 114 I N  I I C  I N  I I C  t I C  115 4 4 4  N N IC PS is-s

C — (“S (‘S ~‘
5.4 N PC N IC

5-4

o e C 0

1.. :~ ~ I~~~ :~ ~ I~~~ :~ 
N 114

I 114 ~r Pr Pr 1Pr  1W .pt 1Pr ~
‘5 

~~~ p4” s4~
’S

I~ lPt~ l ilt 11(1 •Pt~ l It5 ipt5 lIt •pt5 I~ ~~ IS~ 14



.4
5.4

0.
SI
U
In — — — — -— — — — — — — — in

s-I

0 N
(‘S s-I

0’
N- 0’.
N

SI = : = ‘C

s-I ‘a ‘.4 (“S
‘54- In (“I

— 0

I — —
‘aU
St 0’ ‘4
‘a (5-1 5-4
St itt

‘0 s-I
NI = = = s--I

(“S 00

~~~~
0 in

4 ‘fl NI -

I.’. Ni l.a 
— _ _ _ __ _

‘-I
(‘5 0

5--.
CD N’s
N p4 5

• Ia
(‘S i n  0 s-I

(‘1 s-I 5= = = 51
N N-

0. 14
* 0 %  ‘4 51

‘0
In 0

‘C s-C U
_ _  _ _  

s-I SI — — 0
s-I

0 0 0 C 0 C 0 0 0 0 0 0 C
IC I N  N ( I C  IS I N  IC I N  N I I C  N 4 ) 4 IC .51

p4 p.4 p.4 ‘.4 p p.4 . s-I s--I s.4 s-I s-I s I  p- 5)
I $ II t IC  I N  14 P4 I N  lid N N I P S I N  14
51 I-s

ol I CI CI CI 4 CI C (44 N N N (‘I N C’ 0
• ~N I N  114 114 p4 N N N I I C  l id  I N  I X  IC

(‘5 (‘S (‘S 4’ ( 5  4’ C’S (‘5 (‘S (‘5 (‘S (‘S r

4
~~~~~~~ N’4 

~~~~~~~~~~N’4~~~~~~~~~N I N



,,. . r- - - - —

‘-4
s-I

0.
SI
‘I
U)

in
s-I
(“I
‘-I

0% 0’.

‘C = = :SI -
Is 0.
S II (“S

s—I Ia
‘.4 U)
51 0
ris 

____

‘0
51
‘a
U -5
SI s-I -
4~ in
SI -4
0 r4 - - - - - - - - - - -

0.
SI

in ‘a in
I-s Il)
4

N l.a — — — — — —  a
0
U

5-.-.(‘S
s-I - 5)

(‘5 0 ‘.4
: = = = = =N-

0. 5-4(P ‘5 CIU - ‘0In 0
U

______ ______ 
Sb

— 0

5-40 0 0 0 0 0 C 0 0 0 0 0 C II I C  PS 114 N I N  N I I C  IC I X  IC ( I C  N I I C
s-I s-I s-I s-I p-I s-I s- ~-I ,.4 s-I s-I s-I p. 5)

I N IC I N  PS PS 1)4 I N  N IC I N  I N  IC IC51 Ii‘a I N NI N N N N N N Ni N N NI r- 05) 15 N IC ( 1 4  1 1 4  t I C  t I C  14 IS 14 14 I N  l b S
E • ~‘S m (‘S (s- (s-S (“S (55 (‘~ (s-5 4’. i.ai-I 0 IS IS N IC N IS PS I N  I X  114 I X  I I C  UI S5’4 0.4

0 0 0 0 0 0 C 0 0 0 0 0 C114 N I N  PS I P 4  N I N  IC 114 X 115 IC 1)5 1!)
p4 ‘.4 s-I s-I ,-I p p’4 s--I s-I s-I s-I .-

~~~~ 

I~~~~ 1W :~ :~ ~ ~E: :E: :~ ;a Pr Pr Pr Pr i~r Pr I ) ~ Pr 1Pr  1Pr  I P r  I P r  1 I C

16

~~~~
~~~-.. 

4.
_ ’ _ _

~~



- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

s-I
s-I

0.
SI
‘I
In in In N

(“S N ri N

in
s—I
N
s-I

0%
0’.

(1 ‘CIs Os
5 51

s-I U (‘S
-s-I Id)

0 0 N- ‘4
P C’S (‘-I N - (‘-1

‘0SI
l.a
U
SI
U s I
SI i11
0 s-I

— -
in

0.
in SI
(-4 Ia Sf5
4 in

N ‘4 0’ s-I ‘C in (‘4 in
s-I N s-I N N

0
U

5-—

(‘S
s-I 5)

(“S l.a
0
.4

-
N- 

-

U ‘4 0)

p4 p.4 in ifS N U
(‘5 N N N Cl

X
c

I b 4 ~~

I 114 I IC 
~~ ‘4 ‘4 ‘4 ‘4 ‘4 ‘4 ‘4 ‘4 I-s

‘-l I N N I P S  N $4 IS IC $4 X IC IC X -~ 0
5 5) I I C  ( P C ‘i-s

SI 4’ (‘S Ia

~ 114 114
s-I

C 0 e 0 0 0 0 0 0 0 0 0 0
N ( 4 4  N I N  P4 115 IC I N  IC (IS  IC I X  )5 In

p4 p.4 s-I ‘.4 s-4 ‘4 s-I s-I s-I s-I s-I s-I
lI t  I N  N PS 114 lId IC N 114 PS PS PC I X

N Ni N N N N 45-i N N NI N N Ni
Ii 114 l IC N N IC 44 I N  ( I C  I N  t I C  14 X x
St (‘4 (‘5 (‘-5

U 1 ) 4 1 1 5  IC PS N N N IS 14 114 I X  1 1 4

t~1 11i4 114’5 Pr N Pr Pr Pr Pr 14
5 Pr Pr Pr Pr— — — 17

-:

‘..

~

r

~

jr - 
-

~~~~~~~



i-I
s-I

0.
SI
41
Cd)

0’. ‘C
s-I .4

0’.

SI 0.
S-s SI
S U
s-I U)
s-I
51 in 0 r-. - 1 ~ 

-

_______ 
s-I (‘S N ‘ -I

I
1~)U
St ifS
‘a
a

0.
St‘aIn In

4 0 NI N- ‘4 0% s-I ‘C in
Ni s-I s-I N .4 N -— — — — — — — — — 0

U
5--.

5)
C’S ‘a-I

S
51

0.
SI Is
44 Cl
II) ‘00

0’. ‘.0 ‘.4 CO itt U
s-I s-I (‘S (‘-I N Cl 

— —  0

i-I 5)

.5 5 ‘5 Si .5 .5 .5 .5 ‘5 .5 -5 -I~ -5 Is
‘a I IS N N IS IC 1)4 ( I C  115 114 I N  1)4 I N  I X  0
5 5) 54.5

U
b-I S S

p1 0
s-I U

0 0 0 C 0 0 0 0 0 0 0 0 0
l I d  PC l i d  PS I X  IC 1)4 IC i I 4  14 114 IS t I C  US

s-I s-I s-I r ,-I s-I s--I s-I s-I s—I ~4 s—I ‘.4 41) 4  IS IC ( I C  1) 5 14 PS 114 04 IC N l b S  I X
N N N 4 N N N N N N N N Ni •.

Is IS I N  l i d  I X  1)4 N IS IS IC I N  114 I I I  I N
St (‘ (‘S (‘5 4’ (‘S (‘5 (‘S (‘S (‘S (‘S C’S (‘5 (‘S

: 114 US I :  

P r 1 P r  t P r i:’4 1Pr 1Pr ,Pr

18

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..__

___ 

- - . . - - . .
~~‘_1:~~~~~~ _ i — — —5 

—5 
—:-— 

-
----



— ~~~~~~-~~~~~~~~~~~~~~~~~--- —

s-I
s-f

0.
SI
U
in

0%

CI 0.
a-i SI
S U

s-I in
Sri
51 s-I in
Ia, 

_ _

‘0SI
Ia

i-i in
SI
0

0.
Cl

Cl) l.a

(‘-S in 0 N N-
N N s 4

CS’S -4

0.
SI 5.,
‘a
in

N 0% ‘C 8
N s-I s-I— — — — — — — — — -— — — —

—4

C;)

s-I
‘a I
5 51 —.5 .5 54• -d~ .5 .5 -5 ‘5
0. I ( I C  I N  114 115 I N  115 I N  I X  c

5) 5-.-
p4

Sta
.4 0.
p.4 4-5-

_ _ _ _ _ _ _  — — — — -— — — ————— —0 0 0 0 0 0 0 0
N ( I S  IS I N  PC I X  PC 1)5 ci~1—
s-I .4 s-I s-I s-I s-I s-I s-I -~IS PC 114 1)5 IC N I I C  I N
N (.4 N N Ni N N N

I-s IC 14 IC N 114 114 I N  ( I S
St
‘0 II (“S (‘S (‘-S (‘5 (‘S es’s CS’s C’S
o ‘a I N  1P4 lb S  I N  I N  t I C  I N  I X
U 51
St 0 ‘4 ‘4 —4 -5 -5 —4 ‘5
0 ( I C  I N  lbS  ( I C  ( I C  I N  ( 1 5  t I C  F-

19

- .5-’.—, 
~~~~~~~~~~~ - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~ ~~

C_-I in
N C_I

‘-4 0% in In in
‘4 N 04 04

‘.0 1(5 ‘.0 N
‘4 N s-I N

5) N- N- ‘.0 (‘5 ‘.0 s-I if’s CO
Cl s-I s-I s-I Cs-i C_I (‘4

~~~~~~~‘4 O O % N

s-I ‘4 s-I s--I ‘4 N- 0 s-I ‘4 r- (‘4 (‘4 ‘4

—S
4, U
U ‘4 C”s ‘.0 0’. ‘C
CI 0 s—I N (5-i N N
‘a s-I
41 s-I 0 N- 0 -  0 u

N s-I N N

CO N- ‘4 N- -4 ‘C C’s
0. .4 s-I -4 (‘4 (5-1

CO in

‘ C 0 % i n
’4~~~~~~~~~~~~~

’4
N~~~~~~~~

N

~~~~~~~Q’. ‘ C I n~~~~~~~ 
~~~~~~~~~

Is
SI 

S I 0  IC lbS 14 I I C
a-a 0 0 0 0 ‘5  ‘..4 ‘4 ‘4U 3 N ( N  IC ( IC  IC IC I X  l b S

a

20

—~ 
- 5-. - - ~~~~~~~~~~ ~

- 
~~~~~~~~~~~~ .~~~ ~~~~~~~~~~~~



S - - — -5—--  • — ~~~-

s-I
5-4

5)
CI
Is 0
S Cl sri

s—I U N
‘rI Cd)
51 0’ 0 s-I ‘.0 s-I C’S in 0 in 0-

s-4 s--I s-I C’S s-I (‘51 s-I C_-I

‘0SI —S

‘a i-i
(.1 —
S

0 0
Cl s-I U
0

- 4 . US
4.4

• - C s--I
Cl) CI ‘.0

J . (-5 U C-I
-4 US

5) ‘4 N N- in ‘4 0’. s--I ‘C in
5) 1 s-I s-I s--I (5-I s-I N (5-i I-s— — — — — — — — — — — — —-, 

‘ 
I)

0
C.)
CI

Cii
U)

• I-.- ‘5 1-.
4. C_I N 0
C, “-5

C ’S in 0’. 0 i~~ 0 N N- 0’. ‘4
s-I s-I N’s s-I N N U— —— — — — — — — — —  — —  C

C 0 0 0 0 0 C 0 C Cl)
IC I X  IC I llS IC I X  X I X  1<

0 0 0 0 s-- s-5 s--I s-I s-f s-4 p s-I
I-s IC I X  IS ( I C  N PS I N  I X  IC N 114 I X  IC
SI

Cl 0 s-I s-I s-I s—I ~ N N N N NI C’. N ~ ‘4

_ _ _ _ _ _  

~~~~~~~~~~

—‘ :~ ::Nt~~~~~
:
~ 

:m 
_ _ _ _

- s _________________________________________ _____________________________________ 
-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - --

s-I
s-I -

Is
S Cl

P l.a
Sri
51 N -5 0’. s-4 s-I in

N s-I (5’s N
so
CI

• l.a I_i
U -SI
U 0 0
SI s-I U0

5)
U

C —IUS SI S
(-4 4.1 51.4 t~ Ci.

in 0 N N- ‘C 0’ ‘CN s-I s-I N N I-i
______ SI— — ‘00

U
SI0

‘C 0

51

C
SI Is
Ia 0
US ‘s-s

‘.0 s-I (‘S in 0 0 0-
N s-I (“S 04 4.1

_ _ _  _ _ _  S
0
U-Y 0 C 0 0 C 0

14 I N  IS I X  X I X

4 0 0 0 0 0 0 0 s-I r s-I s-I s- s-I in
t I C  N l b S  IC I N  N I I C  IC N I X  I X  K IC I-s

Is s--I s- s-I s-I s-I s-I s-I N C (‘I N C 04l~1 SI K I N  l I d  N IC I N  I I C  N IC PC IC I X  ( I C
‘0 4 10
0 ‘a I Ni (5-1 Ni N 04 04 N (‘S 4’ (‘‘s (‘S C (‘S -4
Cl 3 5 1  IC IC~~~~~M I X  1 1 5  I N  I X  IC X N IC IC IC
a (‘11 (‘S (‘S (‘S (‘S (‘5 ‘4 -~ -5 -4S -1~I N  I N  t IC  I X  I N  I N  I N  IC IC K 15 N IC

_ _ _  ‘-4

22



1_ •~ — — -_.~~~~~ - — - -— 5—.—-- — - —

s-I -

5)
Cl
Is 0.
S CI

s-I
.4 US
51 in N 0% ‘C (‘5

Ca-s N N s-I s-I s-I

‘0• SI
Ia ‘4
U

0 g
41 s-I U0 5-—

5)
1-I

0. s-I
US SI S
I-s U 514 Cl) Ci.

C’S 0 N- -5
N N s-I s-I I~sCl

‘00

‘C 0

(ii
U,

I 5-4
4.4 0
Cl)

-5 s 00 ‘(5
N Ni s-I s-I U

~

_ _ _ 
0
U

C 0 0 0 C 0 C 0 0 0 0 0 0 5
N I N  IC 114 K I N  N 115 N I X  IC I X  IC 0

p s-I s-I ~-I s-- s-I p s-I rI .-I s--I s-I s-I US
115 114 IS IC I I C  I N  N N I N  I I C  IC N I X  F-i

t
Is C Ni Ni N C’s N C’ 04 N N N N N

~1. St 114 I N  N IC N IC I N  I N  I N  t I C  IC N K
S I 0
‘a I 4’ (‘5 (‘S (55 (5 (‘5 (5 (‘5 (‘S s5 e~s m (‘S -5

L~
_3ft

~ ~L?J2 ii~i2 ~Li~ ~E ~23

— •
~2 

- 

~~~~ ~~~~~~~~~~~~~~~ . .



— — ~~~i a- — - - — — - -.- - —-- — -

.3 I

s-I
s-I

5)
SI 0.
I-. 01

• 5 ‘5
s-I C,)

0 N- ‘4 s-I

-• 
Cas ‘4

‘0 
— —

SI
‘aU 0
SI s-I
‘a
SI0

0.
41 4.4
‘5 ‘4

US in S
I-’ 51

- T h  .i
~~ 

F...
s - I  00 in N
s-I 5-s

______ Cl
‘00
U
Cl
0

.0 0

5)
0.
SI Is
4-1 0
Cd)

N 0% .0 (‘S 0
s-I U

_ _  _ _  I S
C

I U
0 0 0 0 0 0 0 0 0 0 0 0 C

115 N ( IC  K I I C  N I N  N I X  N I N  K I X

s-I s-I s-I s-I s-I s-I s-I s—I s-I s-I s-I s-I Cl)
I I C  IC N 115 I N  IC N I N  I N  IC IC I X  US f-s

Ni N N Ni (5-4 01 N N 01 N N N 4”.

~51 S t O  IS I N  I X  114 I N  IC N IC IC I N  I N  I X  I N
0 ‘ 5 1
U 51 51 (‘S (‘S (‘5 (‘5 (‘5 (‘S Is-s (‘S (‘S (‘S (‘S (‘S (5

a 
0 1  N IC II N N I N  I N  I N  I N  I X  I N  ( I C  I X

5) 
—4 .4 -4_ .4 •541 .ds~ .4’ ‘5 .4 ‘5 .4 4’

_____ — L.. ~ 
_ .J.L . LJ_ I N  I N  I N  

I N J  
I N  

_I
:

!_.1 ~

- 

• 
- 

- 24

- 

~~~~ - 
__



— - _-__ - - — — - -

-1

Fros the above tables we can first conclude that any s—a--O fault

within the Decoder is locatable except if the output of a Decoder AND

gate on the last level (that is, a gate that chooses a Memory Array

word line) is s—a—0 then this fault  is indistinguishable from a 1—bit

Memory Array word that is s—a—O. Next we see that s—a—l faul ts  on

the input of Decoder AND gates are diagnosib ].e to a pa”ticular gate

level within the decoder . In some cases we may be able to f ind the

erroneous gate.

VII CONCLUSION

We see that the ATS can locate certain faults within the RAM.

• Certain indistinguishable faults can not be possibly distingu ished

unless the R AIl has added circuitry just for this purpose. This is

true for the MAR vs Decoder input faults and Decoder Memory Array word select

— 
line output vs 1—bit Memor y Array Word. The other faults that are

indistinguishable in the Decoder could be found if we expande d the

ATS , but then we would not have an opt imal test sequence for detecting

RAIl faults. The best method for alleviating the problem of indisting—

3 uishable faults is by adding some self—checking circuitry to the RAN .

25
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APPENDIX

The following is a listing of APL computer programs used to simulate

a 32 x 1 bit RAN . After the listing of some programs a partial output

is shown in order to give the reader a better understanding of how the

progra. operates .

APt Programs

1. 1~~ IORY

Si ulate a ~2 x 1 bit RAN

2. ATS

Simulates the ATS -~n above 32 x 1 bit RAN

3. O U T

Used by ~~
- -~ A 5 - S to tat detected faults

4. PI t NI

Used by AITTODEC to indicate induced fault

5. AIJIODEC

Generates th. tests for all single stuck—at faults of a specific

typ. in the Decoder of the 32 x i bit RAIl

6. CLEAR ERRORS

• Clear, all previous errors induced into the 32 x 1 bit RAM

7. AUTONAR

Generate. and tests f or all singl. stuck—at faults induced into the

MAR of the 32 x i bit RAM

8. SETERROR

May be used to place any specific errors into the 32 x 1 bit RAM .

- 
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9MEMOR ’I (0)9a 9 MKMOR ’I ADDRESS

£13 
EMO~~Y • 

(‘ROGRAN W ILL SIMULAYC ~ 32X 1 lIT RANDOM ACCESS N

(23 ~ ~ p~ R is a GLOP-AL VARIASLE T 4*T IS USED TO INDICATE IF
A READ OR WRITE OPERA TION IS TO PE PERFORMED ,

(33 ~ ~~~~~*-j  IS A READ ~ ~ Q~~~I-0 15 0 WRIT E ,
C4] ~ 1~ ‘~~ * GL0PAL VARIADI~E WH ICH REPRESENTS THE INPUT TO

THE MDR (OR THE REQUIRED OUTPUT), CITHTER 1 OR 0.
(53 OUTPUTI. ’IT ICINXI.NUMACSI.,O

C63 SAD4.,*DDRESS
(73 ~.-0(93 L00P 4 0X t 5 4 0 (K I . K + j
(93 MARl. 2 2 2 2 2 TAODRESS( K]

(10] MAR I- (MARVMAE (*j])ANAE ( 2]

(113 ~ MAE REPRESENTS THE FALUTS PLACED INTO THE MAR •

C12 3 ~ DEE REPRESENTS THE FAULTS PLACED INTO THE DECODER ,

(13] TMlI.((~~MAR )vv/0EEC%51 1 2 3])ADEE [%5 4]

(143 ~ 1 2 3 4 5 6 7 B 9 1 0
~ X4 ~~ X3 ?13 “2 ~S2 Xl �U X0 ~co

(16) ~ THE AIsOVE TWO LINES REPRESENT THE VECTOR D WH ICH IS D

EF I NE D  NEXT •
(173 D *-(( 1Or 1 O)\MAR v~~~0~ 0 1)\TN 1
(1$) A T142 REPRESENTS INPUTS TO THE FIRST LEVEL OF THE DECOD

ER W ITH OUT FAULTS ,

£19) T 1 524 .42 f0 (7 97  1 0 8 9 9 10 3
(20] A 012 REPRESENTS THE INPUTS TO THE FIRST LEVEL OF THE LI

ECODER WITH FAULT~S,

(213 0124.TM2VDEE (I*-5+f 41 1 2]
(22) A 02 REPRESENTS THE OUTPUT OF THE FIRST LEVEL OF THE LIE

— CODER WITH FALUTS ,

(233 ~2’-(( ,DEE(x;33)vA,012)A,DEE E 1143
(24) A THE SECTION OF THE ABOVE EXPRESSI

ON (INDICATED PT THE UNDERLINE ) REPRESENTS THE

(25 3 a OUTPUT OF THE FIRST LEVEL , EG .(X1
AlSO) (X1A ~ 0) (~~1A X0) (~~1A ~ 0)

(263 • 5153 REP*ESENTSTIIE INPUTS TO THE SECOND LEVEL OF THE LI

ECODER •
(273 11534. 8 2 r ((16r 0 1)\02,02)v (B?D(5],0),8?D (6],0
£28) 0134.TM3v DEC(2*-9+s9 1 23
(293 034.( ( ,DEEtX l33)vA/013)A ,DEE[X (4)
(303 51544. 16 2 ?((32? 0 1)~sD3,03)v(16?D(3],0),16PD (

43,0
(313 0144TM4VDECCI*-17+%l6( 1 23
C323 D4* - ( ( ,DEE( I (3] )v A / D I4)A ,D E E (Z (4]
(33) 51554- 32 2 r ((64r 0 1)\(04,D4))v(32r0C1),O) ,32?DC

23,0
(34 3 DIS4.TNSVDEE(I4-33i-%32 ( 1 2]
(35) D5- ( ( ,DEE (I (3])vA/DIS)A ,DEC (I(4]

£363 IMX O.05/D5g % 32
£373 4C.PENX ~0~+/D5(39] 4RADx%~~~~~~.I
(393 MEM(ZH)4]*-~~~~

£403 MEM4.(MEC ((1]VMEM)A$CE ($23
(411 -*LOOP

£4 22 **DZOUTPUTI-OUTPUT ,v/MEN( I N N ]
(433 NUMAC$4.NUMACS , (Oa rX HX)+ ( O PZNX)X INX

• £44] lt~~ZHX*-STKINX,INX
(45 3 •IOOP
£463 OP’EN:OUTPUT4.OUTPUT ,o

t (473 NUMACS4 .NUMACI ,O

(493 •L.OOP 27
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VATS (U]’
9 ATS

(13 ~~TH I S  PROGRA M FEFRESEHTS All OPTIMAL ALGO RITHM FOR TESTI
HG RANDOM ACCESS MEMORIES ,

• (23 PIO4-(32p 1 0 O)/I~~s- 1+ t32
(3,~ P ’14-(32p 0 1 O) / ’> ~
(43 PX24- (32 ,  0 0 1) / I X
CS] a ~~~~~ 1
(63 !~~*-it *-0(7] MEMORY PIt

(8] M E M O R Y  P12 
-

(9) a T~~~ 2
(10] 1~ 4-1
(11] MEMORY P10
(12) a ~~~~ 3(13] 1t4-0
(14] ~~~~~f 1
(15] MEMORY P11
(16] 3 ~~I 

FIj
(17 3 A ~I~t 4
(18] lt’fl
(19] ~~~~l.O
(20] MEMORY PIt
(21] a ~~~~ 5
(22) 1t *-0
(2 3] ~ 2~~~f 1
(24 ] MEMORY P12

(25] 5 Q~ I 
P12

(26) a ~~~~~ 6
(273 Z~~f 1
(28] MEMORY PlO -

(29] 6 P~ I P10
(30) a RI~i 7
(313 1~f~P~~ 4.0
(32] MEMORY PlO
(333 a fl !1 8
£34] 1t1f1
(35] ME M ORY P12
(36] a RI~~ 9
(37] J~~*-0
£38] ~~~~~*-1
(39] MEMORY PlO
(403 9 2W1 PlO
£413 a RI~~ 10
(42] H~*-1
(43] MEMORY P12 -

(443 10 Q~I ~~~(453 a RIF~ 11
(46] MEMORY P11
C47] 11 QL~I P11
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‘QWI £03’
9 STEP 9~ T P1

£13 A THIS PR OGR A M IS TO SE USED W I T H  THE ‘ ATS ’ PROGRAM TO 0
UTP-LIT THE DETECTED FAILURES:

(23 -~Ox ~1 )+/TCM*-~~J�OUTPUT
(3) IHX4-TEM/TEMX ,PI

(43 ‘STEP ‘ STEP

(5] ‘THE FOLLOWING LOCATIONS READ THE ALL ‘ ; j~~;’ WORD INST
CAD OF THE ALL ‘;x~~;. WORD :.

(63 P I ( IHX ]
9

~ PRIH T (0)9
~ PRIN T  CHO ICE

Cl] a THIS PF:OGRAM WILL OUTPUT THE INDUCED ERRORS PLACED IN

TO THE DE~CODER •
(23 4(CHOICE—1)~~ST1,ST1,ST1,ST2
(33 sT1:I~24Gc;( 4 3 2 1 +5x (,I~j)/(,I~ 1)x~ 65)]
(4] X j 4 . (~v ’ ‘~~,I~~2)/ ,I~ 2

• (53 4 (CHOIC E— 1)~~PR 1, PR2 , PR3
(6] pR 1:X2 4.(~ . ’ ‘~~~I~~2 ( (  I 2)) / ,I~~2( ; 1 2]

(73 ENv~ 2 : ’  THE ‘ X21 ’  INPUT TO GATE ‘;Xl;’ IS STUCK—AT-

ONE ,’
C8] 40
(9] PR2:X24-( ’ ‘=,I~ 2C1 3 43 /~ If~12c; 3 4](10] 4CN012
(113 PR3~~’ THE OUTPUTOF GATE ‘ X l ’ IS STUCK—AT—ONE ,’

(12) 40
(133 5T2:1M24-Gc,( 4 ~3 2 — 1 +5x ( ,I~1)/( ,nh 1)x%65)]
£14] X 14 (v ’ ‘ ,I~2)/ ,Th2
(15] ‘ TUE OUTPUT OF GATE ‘~~ Xj ~~~’ IS STUCK—AT— ZERO ,’

V
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VAUTODE C (fl]v
~ 

AUTOPEC CHOOSE
Cl] A THIS PROGR AM W I L L  AU TOMA T ICLY GENERATE ALL SIN GLE FAIL

URE S IN THE DECODER OF a 32x 151T RA M ,
(2) a CH0OSE~~1 WILL PLACE TUE INPUT ON ONE SIDE OF ALL ‘AND ’

GATES TO STUCK-AT—ONE ,
- • £3] A CHOOSE=2 WILL PLACE THE INPUT ON THE OTHER SIDE OF ALL

‘AND ’ GATES TO STUCK—AT— ONE ,

(4] aCHOO5E~~3 WILL PLACE THE OUTPUT OF ALL ‘AND ’ GATES TO S
TUCK—AT—ONE ,

CS] 0CH0O5E~~4 WIL L PLACE TUE OUTPUT OF ALL ‘AND ’ GATES TO S
TUCK—AT— ZERO ,

(63 ~ TMC OUTPUT OF THIS PROGRAM WILL SHOW THE OUTPUT OF THE

ATS FOR TUE DETECTED FAILURES,
(7] CLEARERR ORS
(83 4ZEROX%4 CHOOSE

(9] ThIi- 65 1 ~1,64?0C1O] LOOP PRINT CHOOSE
Cli] DEE ( CHaOSC34I~~j

(123 ATS
(13] 40 1% 1 1 1 +I~I4-— 1sI~1C143 4LOOP
(15] ZC*O:I~j4 65 1 rO,64p1
(163 L..00P2:PR!NT CHOOSE
Cu ] DEC (;434.I~~j
(103 ATS
(193 40X10 1 1 +Th1f— 1.I~1
£203 4L00P2

.

9CLfIARE*RORS (0)9
V

£1] ~THIS PROGRAM WILL CLEAR ALL ERRORS PREVIOUSLY SET IN ALL SUPSY

STEMS OF THE 32x1 PIT RAM ,
123 MEt4~ 2 32 p(32?O)~ 32f1
(33 MtM4 .3~pO
(43 MAL4.~~ 2 5 r(5~O),5?i
(5] DEC4 0 4 65 r (19SfO)~ 65P 1

9
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AUTODEC 4
THE OUTPUT OF GATE 

~4 
IS STUCK—AT—ZERO,

ST EP 6
THE FOLLOWING LOCATIONS READ TUE ALL 0 WORD INSTEAD OF THE ALL

1 Wo RD:
O 3 6 9 12 15
STEP 10
TIlE FOLLOWING LOCATIONS READ THE ALL 0 WORD INSTEAD OF THE ALL

i WORD :

2 5 8 11 14
STEP 11
THE FOLLOWIN G LOCATIONS READ THE ALL 0 WORD INSTEAD OF THE ALL

1 WoRD :
1 4 7 10 13

THE OUTPUT OF GATE 
~3 

IS STUCK—AT—ZERO ,

STEP 6
THE FOLLOWING LOCATIONS READ THE ALL 0 WORD IN S T E A D  OF THE ALL

1 WoRD :

0 3 6 18 21
STEP 10
THE FOLLOWING LOCATIONS READ THE ALL 0 WORD INSTEAD OF THE ALL

1 WORD :
2 5 17 20 23
STEP 11
THE FOLLOWING LOCATIONS READ THE ALL 0 WORD INSTEAD OF THE ALL

1 WORD :
1 4 7 16 19 22

THE OUTPUT OF GATE 
~2 IS STUCK—AT—ZERO,

1~
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~~AU T OMAR (Q]Q
V

Cl] a THIS PROGRAM WIL L SIMULATE ALL SINGLE STUCK —AT FAULTS
IN THE MAR ,

(2] CLEARERR ORS
(3] JMA4-IMAI- .O
(43 K M A~~~ *-~
(5] LP~~-*REsx I51JMAI J MA+1
(6] JMA 4-1(7]
(8] ~*-0(93
£10) SET:’
Cli ]
(12) ‘ MAR SIT ‘151 (JMAX 9) ’ IS S_A_ ’~~~~
(133 MAE~- 5 2 P 0 1
(143 MA E ( J M A ( K MA ) *- W
(15] ATS

(16] LP1%1O,INA
V

(
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9$ETERROR (fl]v

9 SETERROR
Cl] A THIS PROGRAM IS USED TO SET THE ‘STUCK—AT ’ ERROR S IN

THE 32X1 PIT MEMORY DESCRIPED IN THE PROGRAM NEMOF :r’,
(2] TO EXIT ENTER : EXIT  ,

(33 STA~~’ E N T E R  THE MEMORY SUBSYSTEM THMT YOU WISH TO INT R
ODUCE THE ERROR INTO ,

(4] ‘THAT is: MAR ( DEC ( MEN ,‘

(5) ‘TO CHOOSE ANOTHER SUBSISTEM ENTER START

(6]
(7] .+DECX%~~/’DEC ’=PCH

(8] 4P4EMX *A / ’MEM ’ PCH

(9] MAR :’INDICATE WHICH MAR PITS ARE FAULTY BY SIGNIFING A N

UMERIC 0 FOR A S—A—O AND A NUMERIC 
~ 

FOR A S—A—p

(10] ‘UNDER THE APPROPRIATE SIT POSITION ,’

£11] ‘ X4 I X3 X2 I X~ X
~ ~~~

‘

C12] TEMI- 5 5 r0,25p ’
(13] MAE (i1]4-v/ ’l’=TEM

(14] MAE ( (2] 4 .a .v / ’ O ’ TEM
(15] .pSTA

(16] D E C : ’ I H D I CA T E  A S—A—O ST PLACING AT LEAST ONE NUMERIC 0
BELOW THE INDICATED GATE INPUTS ,’

C17] ‘IN ORDER TO INDICATE A S—A— i ON A GATE OUTPUT~~PLACE TW

O NUM ER I C  1’” UNDER THE S P E C I F I E D  GATE ,’
(18] ‘IF JUST A SINGLE S—A—i OH A GATE IS PEQU IRELI p PLACE A

NUMERIC 1 UNDER THE SPECIFIC GATE INPUT ,’
£19) ‘TO ~ XIT ENTER :- EXIT

(20) ‘TO RETURN TO THE START OF THIS PROGRAM ENTER : START

C2i3 GA4-(4 25 r’  I’) ,C 13 1 25 1’ ~4I  ~3l ~2 I  ~1I ~0I

(22] GB4- (300p ’ X0I ?~O I ’ ) , ’X 1 (Xl I~~i I~~1 I’ ,(
• 280r ’ Nfl ~lI Liii L i i i’ )

(23) GC*- (20p ’ I’),(40p(2011 ’X2 I ’ ) P2 0 ? ’ L i2  I ’ ) p (
240r C20 r ’ “2 1’),20p ’ L i2 1’ )

£24] DD.(60p ’ I ‘),(BOr(40r ‘X3 I ‘)p40r ’Li3 I’),(
160?(40P ’ X31’),40p ’ L i 3 1 ’ )1 (25] 0E4-(140p ’ I’),160r(80F ” ‘4 I ’) , 8 0 P ’ Li4 I’

t (26] Ol.OA,• 5 300 pGP ,OC ,OD, GE

(27) GA*-G54.GCI.0D4.GEf,O
(28] ‘THE FIRST SET OF GATE ARE :’
(29] 5 120 fG
(30] Tr~M4.l2o,~~,12o,’(31] 5 120 + 5 240 4G
£32]
(33) 5 85 f0
(343 TEMI- 65 5 PTEM ,85,0,95, ’
(35] DEE ((4]4- 65 1 ? v / ’O ’ TEM
(36) DEE ((3]4-(65 1 pDEEC(4])~~TMl4 65 1 P2=+/’i’ TEM
(37] DEE ( 1]*-( TMI)A 65 1 pv / ’ 1 ’ ~~TENC ( 1 2]
(39) L’EE((2]4 .(* .TM 1)A 65 1 p v/ ’ l ’ .TEM(( 3 4]
(39] 9STA
(40] MEM :’IND ICA TE WHICH STORAGE WORDS ARE FAULTY ST SIGNIFIN

O A NUMERIC 0 FOR A S_A— Q AND A NUMERIC 1’
£41) ‘FOR A •—A— j UNDER THE APPROPRIATE STORAGE ADDRESS ,’
(42] ‘ 01 II 21 31 41 Si 61 7 1 81 91 l0I11112 113114 115116i171

18119120 121 1 22 (23 124 125 126 127128 129 (30 131 1 ’
(43] TEM4. 32 3 ?~~,96P ’ ‘

(44] MEE($~~]4 32 1 ?~~v/’0’ TEM
(453 M E E ( (~~ ]4. 32 1 pv/’l’.TEM
£46] -,S1A 33
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N-, 0 P1N.40
XI XI X XI XI XI X
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XIX X, xi Xi X Xi
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C-4 .i O P1(4.40
XIX X XI XI X X
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N-’ O P1(1 .4 0
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X x

‘4 (‘1 .10 P1(1.40
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1
I X x —
0 — —4

(‘lio P1(1 -4 0 t i
4 .1- X X X I  X 1 X X X I  —

.4 0
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~~ X Xo 4 1  u -
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~. 0 •40 P 1 N’4 O- .  mtl-. 0 2 —
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1
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I H 1 N X X  X X I X X  X I X I XX  H t H

0 4 O A  N 0 ri
4 4 U - i  Xl x XI 4 — 4
0 4 0 H . 4 3 :  0 ~ - 0
4 4 A Q P1( 1.1 0 P1C’4.4 0 4 0 r - ~N 0 H H  ~4 

X X X I X) XI X XI XI 4 4
1• ~ ~ N

4 4 4 Z U . 4  XIx I
1 E U  X X XI 44 (4

N W N H  N 4 —
0 2 1 1 4  ~~0 P1N-’O P1N.’O I o I
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0 . N  4 0 . W  2 4  X Xl 3
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MFT2IC SYSTTh4

EASE UNITS:

~Qu ntity~ Unit SI Sjmbol 
- 

Fom~ia
length metre m
mass kil ogram kg
time second s
electric current ampere A - --th.nnodyn.mlc temperature kelv in K
amount of substance mole mol
luminous intensity candela cd

SUPPLEMThTAIY UNITS:
plane angle tidies tad
solid angle steradian sr -

D~~1V*1) UNfl~ :
Accekr.tlon metre pet second squared rn/s
activity (of a radioactive source) disintegration per second ... (dtslntegr.tlon)Is
angular sixelsretion radian per second squared rad/i
angular velocity radian per second tad/s
are. square metre • . . m
densIty kilogram per cubic metre - . - kg/m
electric capacitance far.d F A s/V
electrical ~~~duct.nc. siemens S AN
•lactrlc field strength volt par metre V/m
electric Inductance henry H V-s/A
electric potential difference volt V W1A
electric resistance olus V/A
eIectromoti~ e force volt V W/A
energy (oule J N-rn

• entropy (oule per kelvin (1K
force newton N kg-rn/s
frequency hertz Hz (cycleys
Illuminance lux Ix urn/rn
luminance candela per square metre ~-- cdlm
luminous flux lumen Im cd-sr
magnetic field strength ampere per metre • •• A/m
magnetic flux weber Wb V s
magnetic flux density teals T Wb/m
magnetomotive force ampere A
power watt W (/s
pressure pascal Pa N/ rn
questity of electricity coulomb - - 

- C As
of beat (out. - 

- - 
- 

- 
J~~~~

- N-rn
rediast Intensity watt per stei-adlsn W/sr
specific best joule pea kilogram-kelvi n ••- (/kg-K
stress pascal P. N/rn
thermal conductivity watt per metre-kelvin .• - W/rn-K
vskxity metre per second . -  rn/s
viscosity, dynamic psscal.s.cond .- . Ps-s
viscosity, kinematic square metre per second • . -  ntis
voltage volt V W/A
volume cubIc metre • -. m
wavenumbea reciprocal metre - (wsve)/m
work joul. J N-rn

SI PIEFIXES:

Multiplication Factors Prefix SI Symbol
1000 000 010000. 10” tori

1 000 000 000 — 10. gIgs
1 000000.10’ mega Mioo o— io kilo k

100— 10’ hecto’ h
10 .101 deka’ di
0.1 — 1 0 ’  deci’ d - —

001 • 10 ’  cm li’ c
0001 — 10 ’  mliii in

0-000 001 - 10 ’  micro
4 0 000 000 001 - l 0 ’  nine n

0 000 000 000 001 - 10 “ pico
0000000 01K) 000 001 — 10-” (.4110

0 000 000 000 IXM) 000001 • nr” alto a

To be avoided where pos.Ibki

__
~~ ~~~~~~~~~~~~~~ - 

— --- — - 
— -—


